The existing methods for the analysis of inulin, as well as the requirements for the continuous intravenous infusion of this material, place the inulin clearance method for measuring the glomerular filtration rate beyond the reach of practicality for many laboratories and in general limit clearance observations to relatively short intervals of time. There is a requirement for a simpler clearance method of at least approximate accuracy by which observations can be made continuously for periods of 24 hours or longer. Endogenous "creatinine" appears to offer possibilities in this direction, since it would obviate the necessity for intravenous infusions, frequent withdrawal of blood and elaborate analytical procedures.
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The nature of the endogenous substance or substances which yield color with Jaffe's alkaline picrate reaction for creatinine has long been a matter of controversy. The literature on this subject is reviewed by Miller and Dubos (1, 2) . These authors, using an allegedly specific enzymatic method on 1:5 plasma filtrates prepared with 10 per cent sodium tungstate and 0.66 N sulfuric acid, concluded that in normal human plasma, creatinine constitutes 80 to 100 per cent of the chromogenic substance, although in renal disease, where the chromogen is elevated, the plasma may contain relatively large amounts of non-creatinine chromogenic material.
Exogenous creatinine is excreted in man both by glomerular filtration and tubular secretion.
Crawford (3) has recently adduced new evidence on this point by showing that the exogenous creatinine/inulin and the exogenous creatinine/thiosulfate clearance ratios are reduced by saturation of the tubules with diodrast or p-aminohippuric acid. Although Crawford's control ratios are not as high as those reported by others, the average value as recorded by her and by Shannon (4), Shannon and Ranges (5) , McCance and Widdowson (6 to 8), Josephson and Godin (9) , and Miller and Winkler (10) appears to be about 1.3, indicating that about 30 per cent of the urinary exogenous creatinine is excreted by the tubules.
Several investigators have reported, however, that the endogenous chromogen/inulin clearance ratio in subjects without renal disease is close to 1.0. Miller and Winkler (10) , using the enzymatic method of Miller and Dubos (2) , report ratios varying from 0.8 to 1.5 (average 1.07) and exogenous/endogenous chromogen ratios, as determined in successive clearance periods, ranging from 1.1 to 2.0 (average 1.63).
Popper and Mandel (11) report the endogenous chromogen/xylose clearance ratio to be 1.35, a value comparing favorably with the average inulin/xylose clearance ratio of 1.25 (12) , but Popper and Mandel's ratios vary from 0.77 to 4.5, indicating great uncertainty either in the clearance ratio or in their analytical methods. The method used by Popper and Mandel was that of Popper, Mandel and Mayer (13) , in which the plasma proteins were precipitated with picric acid. 3 Steinitz and Turkdnd (15) , using Popper, Mandel and Mayer's picric acid filtrate, report a chromogen/inulin clearance ratio for normal subjects ranging from 0.73 to 1.17 (average 1.03). (The exogenous/endogenous chromogen ratio as deter-mined before and after the administration of creatinine in subjects with and without renal disease ranged from 0.92 to 1.87 and averaged 1.22.) Since the normal values obtained with picric acid filtrate lay between 0.5 and 1.0 mgm. per cent, while those reported with the Folin tungstate filtrate were 1 to 2 mgm. per cent, Steinitz and Turkand suggested that the picric acid used in precipitation of the proteins precipitates some of the non-creatinine chromogenic substance. However, the figures of 1 to 2 mgm. per cent as originally reported by Folin and Denis (16) were obtained with whole blood. The red cells are now known to contain considerable quantities of noncreatinine chromogen. With plasma, the tungstic acid filtrate in our hands yields values varying from 0.64 to 1.10 mgm. per cent in subjects without renal disease.
Smith, Finkelstein and Smith (17) , using the picric acid filtrate, found an endogenous chromogen/inulin clearance ratio ranging from 1.01 to 1.42 (average 1.19), whereas dsing the Steiner, Urban and West filtrate (BaCO3-Fe2 [SO4] 3) this ratio ranged from 0.81 to 1.08 and averaged 0.94. In all cases these ratios were depressed slightly, though scarcely beyond the limits of analytical error, during saturation of the tubules with diodrast. Although both methods of protein precipitation gave quantitative recovery of added creatinine, the endogenous chromogen in the picric acid filtrate from a series of 14 samples of human plasma ranged from 50 to 79.2 (average 66.6) per cent of that present in the iron filtrate. (This discrepancy might in part be due to the greater acidity of the picric acid filtrate.)
In four subjects with renal disease, Miller and Winkler (10) report endogenous chromogen/ inulin clearance ratios of 0.9 to 1.7 (average 1.38) and an exogenous/endogenous chromogen clearance ratio in successive clearance determinations of 1.0 to 1.7 (average 1.3). Similarly Steinitz and Turkaind (15) found that in subjects with glomerulonephritis the endogenous chromogen/inuIin clearance ratio ranged from 1.04 to 1.73 (average 1.37).
It appears from the above data that in subjects with reduced filtration rates owing to renal disease the endogenous chromogen clearance substantially exceeds the inulin clearance and therefore affords no reliable index of the filtration rate. However, the average figures on subjects without renal disease indicate that the endogenous chromogen clearance is close to the filtration rate, despite the fact that the variability in the clearance ratio indicates variation in the composition of the chromogen and, as the determinations have hitherto been carried out, the data leave a serious question of reliability in any one subject. Since the methods of determining the endogenous chromogen have differed considerably, it seemed to us that these variations might in part be attributable to differences in technique, and we have therefore reexamined the endogenous chromogen clearance, comparing it -with the inulin clearance and the thiosulfate clearance (which Newman, Gilman and Philips [18] have shown to be equal to inulin clearance in man) and in some instances with the mannitol 4 and exogenous creatinine clearances.
METHODS
Standard renal clearance procedures (22) (27) show that this may be attributable to the fact that caronamide is itself excreted by the tubules. The data in Table IV Endogenous chromogen clearances in infants. The results obtained with four infants are tabulated in Table V . 8 The endogenous chromogen/ 1.10 x mannitol clearance ratios ranged from 0.55 to 0.69, with an average of 0.60. The plasma levels of endogenous chromogen were low, ranging from 0.44 to 0.68 mgm. per cent, with an average of 0.57 mgm. per cent. It appears that the chromogen has a different composition, or is excreted by the kidney in a different manner, in infants than in adults. DISCUSSION Our data indicate that the endogenous "creatinine" chromogen clearance may be used as an index of the filtration rate in normal adults, and as a useful clinical approximation in subjects with renal disease. We recognize that the chromogen is certainly not entirely creatinine, since it is excreted in a different manner than is exogenous creatinine, and that it probably represents more than one substance, its composition possibly varying from time to time. In view of this fact, and in view of the discrepancy between the chromogen clearance and the inulin clearance in subjects with renal disease, we do not advocate the use of the chromogen clearance for precise studies, even in normal subjects; but we do believe that many renal clearance problems, especially protracted studies, can be expedited by its use. It is, moreover, a useful clinical tool for the general evaluation of renal disease. The time required for the analyses of specimens obtained from six clearance periods using endogenous "creatinine" is from one to one and one-half hours, as compared with five to six hours for the same number of samples using inulin. The major difficulties in the inulin technique, namely, maintaining a constant plasma level and reliance on short urine collection periods, are obviated by its use. The chromogen plasma concentration remains fairly constant over a 24-hour period, and urine collection may be prolonged for several hours and thus reduce errors in urine collection at normal urine flows. The method thus lends itself to the study of the 24-hour variations in the filtration rate (29, 30) . The procedure may be safely used in patients with heart failure, without danger of pulmonary edema iInduced by the administration of intravenous fluids.
The chromogen clearance is superior to the urea clearance in that it more closely approximates the filtration rate, the analytical procedure is simpler, and in our data the clearance apparently does not depend on the urine flow. We have not investigated the effects on the endogenous chromogen clearance of conditions in which there is excessive protein breakdown, such as may occur in association with malignant growths, starvation, hyperthermia, tuberculosis, hyperthyroidism, leukemia, muscular dystrophies, etc., nor has the effect of a high protein diet, which is known to raise the plasma creatinine level (30) , been investigated.
The method is not applicable to the estimation of the filtration rate in infants, as is evidenced by the average endogenous chromogen/1.10 X mannitol clearance ratio of 0.60. Mannitol/inulin clearance ratios in infants are the same as in adults, namely, averaging 0.90 (31) . It is of interest in this connection that McCance (32) found that exogenous creatinine/inulin clearance ratios in infants are close to unity.
The plasma concentration of endogenous chromogen seems to have no definite relationship to the mechanism of excretion. In one subject with uremia in whom the plasma level of chromogen was as high as 9.9 mgm. per cent, the chromogen/ inulin clearance ratio averaged 0.94, whereas in the subject in whom a ratio of 1.61 was observed (No. 12, Table II), the plasma concentration was only 1.2 mgm. per cent. CONCLUSIONS 1. The endogenous "creatinine" chromogen/ inulin clearance ratio has been determined in 94 and the endogenous chromogen/thiosulfate clearance ratio in 47 simultaneous clearance periods in 14 subjects without renal disease and with normal glomerular filtration rates. The respective ratios averaged 1.00 0.018 with a range of 0.88 to 1.10, and 0.95 + 0.018 with a range of 0.84 to 1.01.
2. The endogenous chromogen/inulin clearance ratio has been determined in 57 and the endogenous chromogen/thiosulfate clearance ratio in 51 simultaneous clearance periods in 13 subjects with reduced glomerular filtration rates due to renal disease. In 12 of the 13 subjects the respective ratios averaged 1.04 t= 0.109 with a range of 0.89 to 1.25, and 1.10 -+ 0.292 with a range of 0.77 to 1.63. A discrepancy between the inulin and chromogen clearances of 10 per cent or greater appeared only in those cases with filtration rates below 40 cc./min. However, the absolute magnitude of differences between the two clearance values is of such a low order as to permit the chromogen clearance to be used as a clinical test of the glomerular filtration rate in the adult, even with marked impairment of renal function.
3. The sole marked discrepancy between the endogenous chromogen and inulin clearances occurred in a young female in the nephrotic stage of glomerulonephritis. In this instance the chromogen was excreted in a manner similar to exogenous creatinine. The chromogen/inulin clearance ratio averaged 1.61. 4 . In infants the chromogen clearance is significantly lower than simultaneous mannitol clearances. The average chromogen/mannitol ratio, representing 24 periods, was 0.60 + 0.066 with a range of 0.55 to 0.69.
5. Two grams of caronamide, orally, every four hours for eight doses to six subjects, and an infusion of PAH of sufficient concentration to maintain plasma levels of about 60 mgm. per cent in an additional six subjects, had no effect on the chromogen/inulin clearance ratio. However, caronamide in the above doses lowered the chromogen/inulin clearance ratio from 1.61 to 1.07 in the one subject exhibiting a marked discrepancy between the two clearances, providing additional evidence for tubular secretion of the chromogen in this subject.
